Present study investigated the improvement in fodder quality through intercropping of grass (Panicum maximum) and legumes (Vicia sativa and Vigna unguiculata) alone or coupled with fertilizer application under rain fed conditions at National Agriculture Research Center (NARC) Islamabad, Pakistan. In this experiment, intercropping at 33, 50 and 67% of grass and legumes and fertilizer application at the rates of 25, 75 and 50 kg ha -1 (N, P2O5 and K2O) was applied. All three factors in this study not only increased fodder biomass production but also improved its quality. Fodder quality was improved by intercropping legumes with grass during first year of the study. Fertilizer and intercropping combinations proved highly positive, causing significant increase of Crude Protein in grass. The Crude Protein of pure legumes was higher than grass but fertilizer application did not affect to increase crude protein. Intercropping of legumes with grass along with fertilizer improved forage quality Total digestible nutrients (TDN) for livestock in grass were increased when forage legumes were intercropped with grass and when further supplemented with fertilizers. However, increasing effect of TDN was found significant only under combination of intercropping and fertilizer whereas these two factors individually failed to contribute in forage quality.
INTRODUCTION
Livestock is considered as very important component of agriculture sector in the world. The animal production contributes as milk, milk products, meat, wool, hides, bones and many associated products like manures etc for the benefits of mankind. Presently, there are 176.4 million livestock heads in Pakistan which contributes around 12% towards GDP (Anonymous, 2014) while it was 169.5 million heads during 2012-13 which was accounting for 12% to GDP (Anonymous, 2013) . Thus, there has been an increase of only 0.1% share in GDP in last year. This means the bad condition of this important sector and it also shows the in effective management of the vast resources department of the country. Therefore only 10-50% of their actual potential is being realized . In Pakistan, livestock production is facing many challenges. Prices of animal origin foods are very high that are increasing everyday and out reaching reach of the poor communities. Livestock feed and green fodder is not only low and predictable results indicate less number of livestock instead to feed the accelerating population. Due to these factors the energy crisis, poor health of human and inflation are increasing day by day. These failures in production of food disturb social and environmental systems. One of the major problems hindering expansion in ruminant production of the country is the un-availability of good quality fodder in sufficient quantity (Sarwar et al., 2002) . Production of good quality fodder is of great importance for economical animal production. Both quality and quantity of fodder are influenced by plant species (Kaiser and Piltz, 2002) , stage of growth (Kim et al., 2001) and agronomic practices (Rehman and Khan, 2003) . Protein is the most demanded ingredient of ruminant feed, required substantially for milk or meat production as well as for reproduction. If feed crude protein is below 6-7%, the microbial activity in the rumen is depressed due to lack of N. The forage digestibility is related to changes in chemical composition, particularly of fiber, lignin and silica contents and to some extent crude protein (Bose and Balakarishnan, 2001) . Livestock in the country is deficient in crude protein and total digestible nutrients by 38.1 and 24.0%, respectively. Livestock receive 51, 38, 3, 6 and 2% of nutrients from green fodder, crop residues, grazing (bare lands and post harvest), cereal-by products and oil cakes meals, respectively (Sarwar et al., 2002) . Grass species Panicum maximum var. Tanzani is a tall growing (2-3 m), vigorous, coarse, tufted perennial and shows considerable variation in growth habit. It is a native grass of tropical and sub-tropical Africa. Leguminous plants supply the major portion of protein consumed by man either directly or indirectly through animals (Bose and Balakarishnan, 2001) . The efficacy of feed utilization is an arithmetic value obtained by dividing the weight of body gain by the weight of feed consumed for that gain. Vetches (Vicia spp.) are legumes which are well adapted to winter growth in Mediterranean environments throughout the world on a variety of soil types and are used in West Asia and Australia for various purposes as green forage, hay, seed crop or green manure. Cowpeas (legume species Vigna unguiculata) native to South and Southern Asia are known for their diverse distribution and range of adaptation from humid sub-tropical to warmed cool temperate climate. It is highly palatable, nutritious and rich in protein, calcium and phosphorus than many other summer legumes (Bose and Balakarishnan, 2001) . Legume forages are rich in proteins, minerals and vitamin. These are also used with diets that are largely consisting of grasses and their protein content often fall below minimum critical level. Therefore, increasing leguminous portion in animal diet not only increases protein content but also enhances voluntary intake and digestibility of entire diet (Parveen et al., 2001) . Thus, keeping in view the limitations and constraints faced by the farmers involved in livestock production, present study was conducted to determine forage quality through grasslegumes intercropping, inoculation and fertilizer use.
MATERIALS AND METHODS
An appropriate study site was selected at National Agricultural Research Center Islamabad, leveled and soil samples were obtained from 0-15 cm soil depth. The samples were prepared and analyzed having soil pH 8.4, ECe 0.53 dS m -1 , total N 0.037%, available P 4.7 mg kg -1 , extractible K 79.6 mg kg -1 , O.M 0.53% having textural class Sandy Clay loam. Panicum maximum grass was planted in 2005 as perennial fodder. After its establishment, winter legume Vicia sativa, commonly known as vetch and summer legume (Vigna unguiculata commonly known as cow peas) were sown as inter crop in the established grass but after it's harvesting. Summer legume followed winter legume during next year. Two lines of legumes with four lines of grass were grown to establish T3 (33% legumes) while there were three lines of each in case of T4 (50% legumes) and four in case of T5 (67% legumes). Fertilizer as a basal dose was applied to the treatments T6 to T10 at the rates of 25, 75 and 50 kg ha -1 (N, P2O5 and K2O) as urea, single super phosphate and sulphate of potash, respectively. The experiment was conducted under rain fed conditions and no irrigations were applied. Grass was harvested at panicle stage whereas legumes were harvested at 100% flowering. Fresh and dry matter yield, plant height and tillers were recorded. However, plant samples (grass as well as legumes) were obtained to assess the fodder quality when there was 50% flowering of legumes. Soil samples were obtained from each treatment separately after harvesting of fodder crops and analyzed for different parameters. The experiment was laid out using randomized complete block designs (RCBD) with 4 replications. The land was well prepared by plowing and planking after leveling. The grass Panicum maximum var. Tanzania tufts were planted during the first week of July at the onset of monsoon season as perennial grass. Plant to plant and row to row distance was kept as 50 cm. A basal dose of fertilizer (25 kg N ha -1 , 75 kg P2O5 and 50 kg K2O ha -1 ) was applied at the time of sowing in the second experiment, while no fertilizer was used in the first experiment. Hoeing was done twice after the sowing of legumes as inter-crop. The grass was harvested at the panicle stage. No irrigation was provided and fodder production totally depended on rains. Line sowing was done with the help of manual drill for Vigna unguiculata var. P-518 as summer legume and Vicia sativa as winter legume. The seeds of Vigna unguiculata and Vicia sativa were drilled with a seed rate of 90 and 75 kg ha -1 , respectively, having row to row distance 50cm. The legumes were harvested at 100% flowering stage .Crude protein (CP) and was determined by micro-Kjeldhal method (AOAC, 1994 28, 13, 28, and 14,28,13 ; average maximum and minimum relative humidity (%) was 83, 49, 81 and 51, 83 and 50 (WRRI,2007) .The data obtained were subjected to statistical analysis using the STATISTIX statistical software (Version 8.1) and the mean values were compared using Least significant difference (LSD) multiple range test P: 0.5% (Steel and Torrie, 1997) .
RESULTS AND DISCUSSION
Highly positive trend was observed by intercropping of legumes in grass during first year. However, fertilizer and intercropping combinations proved highly positive that caused a significant increase of CP in grass. The CP of legumes was too high than grass but fertilizer application did not yield so much as far this parameter was concerned.
Intercropping treatments (33, 50 and 67%) slightly increased CP percentages but these remained non significant. Vicia sativa legume had a little bit more crude protein than cowpeas but pattern of variation was almost similar with the exception that CP in case of 67% intercropping in the first year ( Fig. 1  and 2 ). General improvement in crude protein of grass was also recorded in different treatments of the experiment also in the second year of the study (Fig. 2) . Kardag and Buyukburc (2003) reported that 50% grass pea and 50% barley mixture produced highest crude protein yield and therefore, was recommended for Turkey. Sengol (2003) reported that legume mixtures with one or two grass species gave higher crude protein of the hay from the mixture than grasses alone that was due to large N harvests compared to pure stands of grasses. Similar trend was also shown by Kutozova et al. (2004) and Berdhal et al. (2004) who reported the improvement of crude protein by intercropping of legumes and fertilization that might be due to accumulation of nitrogen Frame et al. (2005) concluded that animal performance is enhanced by high intake and nutritive value characteristics of legume-rich diets. Likhachev et al. (2003) recorded higher digestibility in legume-grass mixtures compared to pure crops. Kaiser and Combs (1989) and Azim et al. (2000) were also of the view that digestibility of legume and nonleguminous mixture was higher than non-leguminous crop that may be due to inclusion of high crude protein legumes. The main portion of NFE is soluble protein of carbohydrates. Solubility of proteineous carbohydrates is the important character of forage quality. Nitrogen free compounds increase the digestibility of grasses as well as legumes. Increasing effects of digestibility values were observed in case of grass as well as forage legumes (Table 1) . Grass had more nitrogen free extract that was improved by the intercropping as well as combination of intercropping and fertilization. Increasing trend was also noted up to the 4 th crop. The nitrogen free extract increase was more in legumes than grass due to intercropping fertilizer. The 67% intercropping alone and its combination with fertilizer showed maximum nitrogen free extract in grass as well as forage legumes that might have increased the forage digestibility due to presence of soluble protein of the carbohydrates. Carbohydrates are the main source of balanced diet of livestock but their digestibility is low due to non solubility of proteins but nitrogen free extract included soluble protein of carbohydrates. Azim et al.(2000) reported that digestibility decreased by the presence of NDF and increasing the maturing stage. So NFE improved the quality of forage by increasing the voluntary intake due to the presence of soluble protein component of carbohydrates. Many different terms are used to investigate nutritive value of fodders. These include TDN (Total Digestible Nutrients), digestible energy, digestible proteins, metabolized energy, net energy and efficiency of feed utilization. The feeding value of the forages may be divided into different values. A high percentage of protein is required in the diet of ruminants because production of milk and meat as well as reproduction mainly depends on the protein ingredient of the animal diet. Another important factor of feeding value is the digestibility by which animal converts forage to human foods. Digestibility mainly depends upon the availability of total digestible nutrients (TDN). The TDN for livestock in grass were increased when forage legumes were intercropped with grass or further supplemented with fertilizers (Fig.4, 5, 6 ). However, increasing effect of total digestible nutrients was found significant when fertilizer and intercropping were combined together whereas these two factors individually failed to contribute significantly. Such differences were recorded in both the years. But individual impact was exceptionally found significant only in first year cowpeas crop. Maximum TDN values were recorded in case of both the legumes when grown alone (Fig. 4, 5, 6 ) but quantum of this parameter decreased non-significantly when intercropping of these legumes was introduced within the grass. -1 respectively) not only increased biomass production but also some of the quality parameters of grass were positively affected resulting in increased crude protein as well as total digestible nutrients.
